Objective: To explore the feasibility and reliability of B-mode ultrasound for assessment of intracranial lesions in multiple trauma patients who had undergone craniectomy. Design: Single-centre study. Setting: A 16-bed emergency intensive care unit (ICU) in the emergency department of 2nd Affiliated Hospital of Zhejiang University School of Medicine from July 2006 to June 2010. Methods: We retrospectively analysed 13 multiple trauma patients with severe head injury admitted to the emergency department of 2nd Affiliated Hospital of Zhejiang University School of Medicine. All 13 patients were admitted to the ICU after craniectomy and received mechanical ventilation. Computed tomography (CT) were conducted when patients' consciousness, pupillary size, light reflex changed apparently, or if the bone window tension and the intracranial pressure increased unexpectedly. Head ultrasonography was performed within 2 hours of CT scanning. Results: Ultrasonography revealed 18 pathological changes in the 13 patients. CT and a second operation helped to identify 23 pathological changes. The results of B-mode ultrasound were compared with those of CT and the coincidence rate was 78.3%, with no significant difference in the diagnosis of delayed haematoma or midline shift (Kappa=0.898, p<0.05). Conclusions: Transcranial ultrasonography may be a useful tool for monitoring post-operation intracranial lesions in multiple trauma patients with severe head injury. It is an effective supplement to CT. (Hong Kong j.emerg.med. 2013;20:34-39 
Introduction
Severe traumatic brain injury (sTBI) is a major cause of morbidity and mortality across the globe in all agegroups, and its incidence ranges from 150-450 cases/ 100000/year. 1, 2 Timely craniectomy plays a key role in improving the survival rate. Close monitoring of intracranial injury in intensive care unit (ICU) is warranted for patients with sTBI after surgery. 3 The diagnosis, treatment and prognosis of traumatic brain injury (TBI) present significant challenges to the clinicians, especially when TBI is part of multiple t r a u m a o r a s s o c ia t e d w i t h i m p a i r e d o r lo s t consciousness. Computed tomography (CT) is the routine tool for assessment of head injury. Although CT provides important information of head, repeated investigations may not be feasible in critically ill patients and transporting these patients to the radiology department for repeated CT scans is risky. [4] [5] [6] B-mode ultrasound is helpful in examining delayed haematomas and other complications and can be conducted at the bedside. It has been proven that B-mode ultrasound can be used widely in the early evaluation of multiple trauma patients. 7 Thus, it may save time and be much safer for ICU patients and may be routinely used, especially in trauma centers. 8 Ultrasound is widely used during head operations, [9] [10] [11] but the application of head ultrasound is limited to transcranial doppler (TCD) and imaging for infants because the skull impedes the penetration of ultrasound waves. To our knowledge, there were few reports on assessment of intracranial changes by ultrasound after craniectomy 12, 13 and no such study was performed in multiple trauma patients that underwent craniectomy. We found that the craniectomy field after surgery offered an ideal window and ultrasound might be a simple and useful modality to assess intracranial lesions for such patients in ICU.
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Methods
This was a retrospective study conducted on multiple trauma patients with severe head injury admitted to the emergency ICU in the 2nd affiliated hospital, Zhejiang University School of Medicine during the period from July 2006 to June 2010. This study was approved by the local ethics committee, which waived the need for obtaining written informed consent from the next of kin.
A total of 13 consecutive patients were included in this retrospective study. They were multiple trauma patients with severe head injury receiving craniectomy.
All patients were over 18 years old. Patients were treated according to the standardised protocol in the emergency ICU. Repeated head CTs were conducted as a routine modality during postoperative therapy, especially when patients' consciousness, pupillary size, light reflex changed apparently, or if the bone window tension and the intracranial pressure increased unexpectedly. CT scans were determined by the neurosurgeons and intensivists in charge of the patients. Head ultrasonography was performed within 2 hours of CT scanning.
All patients underwent head CT scan (Siemens Sensation 16, Germany) while being ventilated. Two separated senior radiologists made diagnoses using the Picture Archiving and Communication System, and wrote the radiological reports. An intensivist who had received formal training and was experienced in critical care ultrasonography conducted all the examinations. He was unaware of patients' condition and the results of head CT. A portable ultrasonography device (MicroMaxx, SonoSite Inc., USA) with a C60 probe (2-5 MHz) was used, and images were recorded in a compact flash memory card for advanced analysis.
Coupling gel was applied to the scalp and the probe was placed on the bone window. The location of echogenic brain tissue, brain ventricle and midline shift were identified, and enlargement of haematoma was assessed; a TCD image of the cerebral middle artery was also obtained. Abacterial principle was strictly followed during the examination. The haematoma presents as hyperechogenic lesions with initially sharp margins. Over time the central echogenicity decreases gradually and the margins become blurred. One issue we propose is a semi-quantitative assessment of hyper-, hypo-, or iso-echogenicity related to the surrounding brain structures. Using this strategy, a good inte-rater agreement could be obtained.
The Kappa test was used to determine the concordance between performance of CT and ultrasonography. The data were expressed as meanSD. A P value of less than 0.05 was considered to be statistically significant. All calculations were carried out with the SPSS  software package (Version 12.0, SPSS Inc., Chicago, Illinois, USA).
Results
The clinical characteristics of 13 patients are showed in Table 1 . The injury severity scores (ISSs) 15 of all patients were over 25, and the average Glasgow Coma Score (GCS) was 6.780.22. Ten of the 13 patients had rib fractures and pulmonary contusion, 5 patients with closed abdominal injury, and 9 with multiple fractures. Ultrasonography revealed 18 pathological changes in the 13 patients. Some typical images were showed in Figure 1 . Following CT and further operation, 23 pathological changes were found (Table 2 ). Epidural There were 5 intracranial lesions not being detected by ultrasound in our study. Intra-parenchymal haematoma was missed in one case, which might be attributed to the location of haematoma in the blind area. Two cases with brain contusion were missed due to their small sizes and slight changes. In another two cases, subdural haematoma and epidural haematoma were misdiagnosed as the locations of haematoma were opposite to the craniectomy field.
Discussion
Point-of-care ultrasound is easy to access, safe, free of radiation and now is widely used for rapid assessment of trauma patients in emergency room and ICU. It can give diagnostic information about a vast range of pathologies in abdomen, thorax, musculoskeletal and soft-tissue. 13 It is especially useful to diagnose lifethreatening conditions and prioritise appropriate interventions. Ultrasound can also be used as a guide to interventional procedures, ranging from vascular access to foreign-body removal. 7 Assessment of intracranial changes in multiple trauma patients who have undergone craniectomy seems a reasonable extended application. However, this has not been well studied.
B-mode transcranial sonography (TCS) imaging of the brain parenchyma through the intact skull is usually thought to be difficult in adults, but it could be well performed using conventional low-frequency probes in infants. Several brain disorders can be identified by TCS, such as bleeding, brain tumours, and enlargement of the ventricular system. There are only a few reports in adults that TCS can complement information from other neuroimaging techniques in cases of neurodegenerative disorders, leading to new insights and pathophysiological concepts. 10 Transcranial colour-coded duplex sonography is a noninvasive technique to estimate intracranial pressure and cerebral perfusion pressure associated with sTBI, which has gained wide application. 16 Standard ultrasonography can be performed through a craniectomy field, and this is a usual procedure during an operation. It can also be used after the operation, and may be helpful in a certain group of trauma patients in ICU.
TCS may be a useful tool to monitor some changes related to brain injury before clinical conditions deteriorate, especially in patients with multiple trauma. [17] [18] [19] In the 13 patients described above, all had a suitable acoustic window on the skull. TCS is a rapid and noninvasive technique, and can complement CT, reducing delays in surgical management and improving clinical judgment. Since decompressive hemicraniectomy is increasingly being used in critical care medicine, bedside evaluation of the brain by performing ultrasonography could be useful as a noninvasive triage tool, thereby reducing the need for patients' transportation to the radiological department. 20, 21 In our study, all 13 patients had multiple injuries and were mechanically ventilated, which posed a high risk and was time-consuming to transport them.
There are some advantages to use B-mode TCS in multiple trauma patients who have undergone craniectomy. It is safe and fast, and can be easily repeated to monitor the patient's condition. It is especially useful for diagnosing the size and location of encephaloceles, identifying echogenic brain tissue, and to identifying midline shift and blood flow within the brain parenchyma. TCS is an effective supplement to CT, which reduces the frequency of CT scans and exposure to ionising radiation.
TCS has several limitations in spite of its advantages. B -m o d e TC S is h i g h l y o p e r a t o r -d e p e n d e n t . Experienced TCS operators must be employed in order to ensure accurate and consistent recordings are acquired and through the proper ultrasonography windows. Other factors that may affect the diagnosis include the location and size of the bone window, the location of the diseased region, and the quality of the equipment. Obviously, the small number of cases, long study duration and incomplete records are also limitations of this study, but our preliminar y experience proves that TCS is feasible in these patients. Additional prospective controlled studies are needed to validate the reliability of this method, and more standard training should be imparted to the operators to improve their skills.
Conclusions
Our study demonstrates that transcranial sonography may be a useful tool for monitoring intracranial leisions in multiple trauma patients undergoing craniectomy. It is an effective supplement to CT. Further prospective studies are needed for evaluating and comparing the sensitivity, specificity, and accuracy of transcranial sonography with CT.
